This paper analyzes the response of international oil producers to demand-induced changes in the real price of oil during 1975-2011. The goal is to disentangle fluctuations in OPEC and non-OPEC production and to derive consistent estimates of the short-run price elasticity of crude oil supply at the country level. I find that oil producers hardly respond to demand shocks within the same month, and that the corresponding impact price elasticities of supply are not statistically different from zero. Although there is little evidence of a systematic response following a typical flow demand shock, the medium-run responses to a speculative demand shock differ between OPEC and non-OPEC producers, i.e., on average over the sample period, OPEC members seem to curtail production, whereas non-OPEC supply expands significantly. Flow and speculative demand shocks account for a non-negligible fraction of the total variability in country-level crude oil production.
Introduction
The present paper analyzes the impulse responses of country-level crude oil production to two types of oil demand shocks, on impact and over time. Monthly estimates of flow and speculative demand shocks for 1975.2-2011.12 are drawn from Kilian and Murphy's (2013) structural VAR model of the global market for crude oil. These orthogonal innovations are used as regressors in a finite order distributed lag model of country-level crude oil production. The focus is on the differences and commonalities in the behavior of OPEC and non-OPEC producers.
Economically, OPEC and non-OPEC oil producers differ in numerous dimensions, e.g. in the public vs. private ownership and extraction of crude oil reserves and the relative importance of oil exports as a source of (government) revenues and foreign exchange.
Even though the cartel hypothesis has been overturned, OPEC member states might not only respond to economic incentives but also take political considerations into account, e.g., they might respond differently to an increase in oil demand in order to exploit higher oil prices.
1 Given that they possessed 81% of proven world crude oil reserves below the ground in 2011, while accounting for 42.8% of world production, OPEC members might also react differently, just because they are less capacity-constrained (see, e.g., Hamilton, 2009a , for the historical variability of Saudi Arabian oil production).
A vast empirical literature boils down to one unresolved question: How do oil producers respond to a change in oil prices? For more than twenty years, the standard econometric procedure has been to regress changes in log production levels on changes in the log (real) price of crude oil and other explanatory variables, interpreting the estimate of the price coefficient as the elasticity of oil supply (see, e.g. Griffin, 1985; Jones, 1990; Ramcharran, 2001 Ramcharran, , 2002 . Implicit in this approach is the assumption that causality in the oil market runs from price to production; notwithstanding that in any market price and quantity are determined simultaneously, in general. As shown by Kilian (2002, 2004) and Hamilton (2008) , the reverse causality from production to price invalidates any estimates of the oil price coefficient and their interpretation as price elasticities of crude oil supply in simple log-log-regressions.
The awareness of this pitfall does not resolve a second, equally important concern. Like any commodity's price, the oil price is determined simultaneously by demand and supply conditions in the market for crude oil (see Kilian, 2002, 2004; Kilian, 2008a,b) . An observed increase in the price of oil might therefore arise from lower supply, higher demand, or both. Accordingly, spot market oil prices reflect the current composition of the underlying oil demand and supply shocks, at any point in time.
The structural decomposition of oil price fluctuations into oil demand and supply shocks in Kilian (2009) has revealed that "not all oil price shocks are alike". Similarly, different structural innovations may lead to different endogenous responses of oil producers, even though they unanimously imply an increase in the real price of oil. Ex ante, there is no obvious reason why different circumstances should imply the same behavior of oil producers. The only way to address this second concern is by identifying changes in the price of oil which are exogenous from the perspective of crude oil suppliers, such as shifts of the demand curve along the supply curve.
For this purpose, I draw on recent advances by Kilian and Murphy (2013) to disentangle oil supply and demand shocks in a structural VAR model of the global market for crude oil. Structural innovations, which influence the real price of oil, are identified by a combination of sign restrictions on impulse response functions and plausible upper bounds on the impact price elasticities of oil supply and demand. Flow supply shocks capture disruptions in physical output measured by world crude oil production. Flow demand shocks correspond to unexpected changes in the demand for oil and other industrial commodities due to fluctuations in global real economic activity. Given the fact that oil is a storable commodity, flow supply and demand shocks will not be sufficient to describe the fluctuations in the real price of oil, in general.
Accordingly, Kilian and Murphy (2013) distinguish between shifts in the flow demand and shifts in the demand for oil stocks, which are orthogonal to the global business cycle.
Speculative demand shocks capture changes in the demand for crude oil inventories above the ground arising from a revision of expectations about future supply relative to future demand or from a precautionary motive, i.e. a shift in the conditional variance as opposed to a shift in the conditional mean of future demand or supply (see also Alquist and Kilian, 2010) . 2 According to this broad definition, any purchases of crude oil in the spot market which are not for current consumption are thus categorized as speculative demand.
A consistent estimate of the behavior of crude oil producers in response to demandinduced fluctuations in the real price of oil can then be obtained by regressing countrylevel oil production on contemporaneous and lagged values of the orthogonal flow and speculative demand shocks, in a second step.
3 Note that the latter are orthogonal to aggregate flow supply shocks by construction. I find that country-level production hardly responds to either demand shock, on impact.
Over time, an increase in oil demand associated with the global business cycle leads to a hump-shaped response of total OPEC production and a slight expansion of total non-OPEC production, albeit neither is significant at conventional confidence levels. Both patterns are dominated by a few important producers such as Saudi Arabia in the case of OPEC and Russia in the case of non-OPEC. A typical speculative demand shock is followed by a statistically significant reduction of total OPEC and a significant expansion of total non-OPEC production. The fact that Saudi Arabia curtails supply in response to increased speculative demand suggests that (some) OPEC members decelerate the accumulation of inventories. In contrast, adverse news and higher uncertainty about the future supply relative to the future demand provide a strong motive for relatively advanced economies to increase domestic production levels or to rely on politically more stable suppliers such as, e.g., Mexico and Russia.
On average over the sample period, oil demand shocks explain between 7 and 20% of the overall variance of country-level crude oil production, with speculative demand accounting for relatively larger shares, in general. I also find that total OPEC production is relatively more sensitive to demand-induced oil price fluctuations, for either shock considered separately as well as for both shocks together.
Since both flow demand and speculative demand shocks have a positive effect on the real price of oil, on impact, my finding of a negligible impact response for most producers implies that the short-run supply curve is almost vertical even at the country level. This 2 Kilian and Murphy (2013) and Kilian and Lee (2013) are the first to include proxies for crude oil inventories above the ground into a structural model of the global oil market in order to identify speculative demand shocks explicitly rather than as part of a residual category (compare, e.g., Kilian, 2009; Kilian and Murphy, 2012; Baumeister and Peersman, 2013a) .
3 Kilian (2009) applies a distributed lag regression model when assessing the effects of different types of oil shocks on U.S. GDP and inflation.
is fully consistent with the widespread consensus that the price elasticity of world crude oil supply is close to zero in the short run (see, e.g., Hamilton, 2009a; Kilian, 2009 ).
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The rest of the paper is organized as follows. Section 2 describes the data used in the SVAR and the distributed lag model. Section 3 outlines the econometric approach in Kilian and Murphy (2013) and derives historical time series of the orthogonal oil demand shocks. Section 4 introduces the distributed lag model and estimates impulse response functions of country-level oil production to flow demand and speculative demand shocks.
Based on the impact responses of the real price of oil and country-level oil production, I
propose new estimates of the short-run price elasticity of country-level crude oil supply.
Section 5 concludes.
Data
World crude oil production levels in thousands of barrels per day (tbpd) are from the U.S. Energy Information Administration (EIA). I use Kilian's (2009) index of global real economic activity, based on single voyage bulk dry cargo ocean shipping freight rates.
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The measure of the real price of oil is based on the nominal U.S. refiner acquisition cost of imported crude oil reported by the EIA since January 1974. The nominal time series is deflated by the seasonally adjusted U.S. consumer price index (CPI) published by the U.S. Bureau of Labor Statistics (BLS). Following Kilian (2009) , the real price of crude oil is backcasted from 1974.1 to 1973.1 using the method in Barsky and Kilian (2002) .
The resulting time series is expressed in log levels in deviations from the mean.
Monthly data on crude oil inventories going back to January 1973 are available for the U.S. only. I therefore follow Hamilton (2009b) and Kilian and Murphy (2013) and scale this data by the ratio of OECD petroleum stocks over U.S. petroleum stocks, provided by the EIA.
6 All data on crude oil inventories and petroleum stocks are in million barrels.
4 Disaggregating even further, Kellogg (2011) finds essentially no response of oil production to either the spot or the futures price of oil in monthly well-level oil production data from Texas.
5 The advantage of this global economic activity index over, e.g., an index of industrial production in the OECD -the closest proxy for monthly world industrial production -is that it neither requires exchange rate weighting nor does it exclude emerging economies such as China and India. For further information on the construction of the index and the underlying raw data, the reader is referred to Kilian (2009) . The linearly detrended time series is publicly available from the author's homepage.
6 Note that "petroleum stocks" reported by the EIA comprise crude oil (including strategic reserves), unfinished oils, natural gas, plant liquids, and refined products. Since time series on petroleum stocks are provided for OECD countries only, total OECD stocks must serve as a proxy for world petroleum stocks. Moreover, the EIA reports monthly levels of petroleum stocks for all OECD countries since The VAR model is estimated using monthly data for 1973.2 through 2011.12.
Country-specific data on crude oil production in thousand barrels per day (tbpd) for all countries and groups of countries is obtained from the EIA's Monthly Energy Review.
Crude oil production levels are available for the following OPEC members: Algeria, Angola, Ecuador, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, United Arab Emirates, and Venezuela. Non-OPEC production data are available for Canada, China, Egypt, Mexico, Norway, Russia/U.S.S.R., the United Kingdom, and the United States.
Moreover, I analyze the aggregates for Persian Gulf Nations, Total OPEC, and Total Non-OPEC. All data are monthly and available since January 1973.
Identifying Oil Demand Shocks
In order to analyze the response of crude oil producers to demand-induced changes in the real price of oil, we require a measure of exogenous oil demand shocks. I use the structural VAR model proposed by Kilian and Murphy (2013) to disentangle oil demand and supply shocks in the global market for crude oil.
The vector of endogenous variables contains the percent change in world crude oil production, an index of global real economic activity, the real price of oil, and the change in crude oil inventories above the ground.
7 The model includes monthly dummies to account for seasonal variation in crude oil inventories and 24 lags in order to capture slow-moving components in the global business cycle and the real price of oil.
Identification
Following Murphy (2012, 2013) , orthogonal oil supply and demand shocks are identified based on a combination of sign restrictions on impulse response functions and upper bounds on the impact price elasticities of oil supply and demand.
Flow supply shocks relate to unexpected shifts of the oil supply curve along the oil December 1987 only. Following Kilian and Murphy (2013) , the percent change in OECD inventories is extrapolated backwards using the growth rate of U.S. inventories prior to December 1987. For the overlapping period, the correlation between the growth rates of U.S. and OECD petroleum inventories is close to 80%. The resulting time series is expressed in absolute rather than percent changes, as the latter seems to be non-stationary (compare Kilian and Murphy, 2013) . 7 The fact that oil reserves below the ground are not accessible in the short run, e.g. for consumption smoothing, implies that above-the-ground inventories are predominantly relevant for a spot market equilibrium. For a detailed discussion of the implications of below-ground crude oil reserves, see section 4.3 in Kilian and Murphy (2013) . demand curve, conditional on past realizations of the endogenous variables. They include any unexpected disruptions of the physical supply of crude oil due to, e.g. exogenous political events in oil producing countries or strategic production decisions by OPEC member states. In line with economic theory, a negative supply shock reduces the level of output and raises the real price of oil, thus lowering real economic activity on impact, whereas the response of inventories remains unrestricted. Note that crude oil production and global real economic activity are assumed to decrease, while the real price of oil is assumed to increase, respectively, for at least twelve months. A speculative demand shock corresponds to an unexpected shift in the demand for crude oil inventories above the ground. This includes precautionary demand shocks, i.e. pure uncertainty shocks that do not affect the expected levels of future demand or supply, as well as changes in the expected future demand for crude oil relative to the expected future supply of crude oil. Expectations of political turmoil in oil producing countries such as Libya are a typical example. A positive speculative demand shock raises crude oil inventories and the real price of oil, on impact. The increase in inventories can only be accommodated by a simultaneous expansion of supply and a decrease in demand for consumption, i.e. in global real economic activity. Table 1 summarizes all impact and dynamic sign restrictions, which are imposed as weak inequality constraints. The fourth shock absorbs any fluctuations in the real price of oil not otherwise accounted for by the model. Hence, it represents a residual category with ambiguous economic interpretation and is not discussed below.
In addition to these sign restrictions, Kilian and Murphy (2012) impose an upper bound on the impact price elasticities of crude oil supply. With regard to the long lead times (12) indicates that the sign restriction is imposed for twelve months including the impact period.
in oil field development, significant adjustment costs in production, and the uncertainty whether an observed change in oil demand represents a transitory shock or a permanent shift, it is widely accepted that the short-run oil supply curve is close to, if not effectively vertical (see also Hamilton, 2009a) .
9 Furthermore, Kilian and Murphy (2013) impose an impact price elasticity of crude oil demand that does not exceed its long-run equivalent.
Hausman and Newey (1995) and Yatchew and No (2001) provide empirical estimates of the long-run price elasticity of gasoline demand based on U.S. and Canadian household survey data, respectively, arriving at values of −0.8 and −0.9. 
Historical Time Series of Demand Shocks
Based on 5 million random draws for the matrix of contemporaneous coefficients, only 16 models satisfy all identifying assumptions for the sample period in Kilian and Murphy (2013 ), i.e. 1973 .2-2009 . When extending the sample period to 2011.12, this number increases to 61, although the set of admissible structural models satisfying only the impact sign restrictions expands by a much smaller fraction. As we add more recent observations to the sample, a larger number of candidate models satisfies the bounds imposed on the short-run price elasticities of oil supply and demand. Figure 1 plots the time series of oil supply and demand shocks for the admissible model with a price elasticity of oil demand in use closest to −0.26, the posterior median of this elasticity in Kilian and Murphy (2013) . For the sake of readability, the monthly shocks 9 By focusing on the change in oil production outside of Kuwait and Iraq in response to the Invasion of Kuwait in August 1990, Kilian and Murphy (2012) derive an upper bound of 0.0258 for the short-run price elasticity of crude oil supply.
10 Appendix B shows how the impact price elasticities of crude oil supply and demand can be expressed in terms of the VAR model's coefficients. For technical details on the empirical implementation of the identifying assumptions, the reader is referred to Kilian and Murphy (2013) . Note: Quarterly averages of monthly structural residuals based on candidate model with a price elasticity of crude oil demand in use closest to the posterior median in Kilian and Murphy (2013) are averaged to quarterly frequency. The figure illustrates that the global market for crude oil is subject to different structural shocks at any point in time, which will be reflected in the corresponding market price and volume.
Consider first the episode of the late 1970s. Despite the disruption of crude oil production during the Iranian revolution, there is no sign of a negative flow supply shock until the outbreak of the Iran-Iraq war in late 1980. Moreover, it seems that increased production in the rest of the world more than compensated for this shortfall within one year.
Instead, demand for oil in 1979 was unexpectedly high due to high global real economic activity as well as positive speculative demand shocks. The latter can be attributed to the coincidence of the Iranian Revolution and the Soviet invasion of Afghanistan, which raised concerns about the reliability of future oil supply from these countries (see Kilian, 2009 ). Demand for inventories remained consistently high throughout 1981, when it became clear that the Iran-Iraq war would not come to an end soon.
The model plausibly identifies a large negative supply shock in the third quarter of 1990, when Iraqi forces invaded Kuwait, leading to a near halt of production in both countries. For the sake of brevity, the discussion of structural impulse responses to oil supply and demand shocks in the VAR model of the global oil market is deferred to Appendix B.
For the derivation of short-run price elasticities of country-level crude oil supply, it is sufficient to note that, on average over the sample period, a positive flow demand shock raises the real price of oil by about 5 percent, on impact, while a positive speculative demand shock raises the real price of oil by about 2.5 percent.
How Do Oil Producers Respond to Demand Shocks?
Based on the monthly time series of structural disturbances identified above, this section investigates the behavior of individual oil producing countries in response to flow demand and speculative demand shocks. For this purpose, I use a finite distributed lag model similar to the one in Kilian (2009) . The main difference is that, here, all data are available at monthly frequency, sparing any aggregation of the structural residuals. Given that the latter are uncorrelated by construction, each regressor can be considered in a separate distributed lag model. For oil producing country or group of countries i,
and
where ∆prod i,t denotes percent changes in crude oil production. u i,t and v i,t are possibly serially correlated country-specific error terms. From the regression model in (1) and (2), it is straightforward to compute the level impulse response of oil production in country i at horizon h to a typical flow and speculative demand shock as ∑ h j=0 φ i,j and ∑ h j=0 ψ i,j , respectively. As a consequence, the maximum horizon of the impulse response functions, H = 24, is determined by the number of lags.
Note that the use of distributed lag regressions has an important advantage over dynamic simultaneous equations models such as a VAR model, where country-level production is substituted for world crude oil production. In (1) and (2), ∆prod i,t is consistently regressed on the same time series of flow demand and speculative demand shocks, respectively. In contrast, the structural innovations obtained from a series of country-specific VAR models will be different for any two countries, in general, which might invalidate cross-country comparisons.
Identification
The specification in (1) and (2) rests on the assumption that flow demand and speculative demand shocks are predetermined with respect to changes in country-specific oil production, i.e., neither demand shock responds to ∆prod i,t within the same month. Although predeterminedness is inherently untestable, there are strong arguments in favor of this assumption.
Consider first the case of ε flow demand t . To the extent that a positive flow demand shock is associated with a sustained increase in the real price of oil, it provides an incentive for oil producers to raise their output levels. If instead causality runs from country-specific supply to the demand for industrial commodities, the only plausible conclusion is that an unexpected increase in supply stimulates global real economic activity.
11 In any case, Kilian and Murphy (2013) . Unexpected innovations to oil production in country i based on a univariate autoregression in ∆prod i,t with lag order q = 24 (reported results are robust to q = 12). * , * * , * * * indicate statistical significance at a level of 10, 5, and 1%.
the flow demand shock should be positively correlated with unexpected innovations to country-specific crude oil supply. The fact that the contemporaneous correlations, reported in the second column of Table 2 , are usually very close to zero and statistically insignificant implies that neither direction of causality is relevant at monthly frequency.
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Consider next the case of ε speculative demand t . Since a positive speculative demand shock raises the price of crude oil on impact, it entails an incentive for crude oil producers to raise output levels. Accordingly, one would expect the two to be positively correlated.
At the same time, a negative innovation to country-level supply has an ambiguous effect on demand for crude oil inventories. The fact that a negative correlation might offset the level has zero impact on real economic activity within the same month (compare Kilian, 2009 ). 12 The only countries for which the contemporaneous correlation is positive and statistically significant are Egypt and the U.K., whereas the correlation is negative and statistically significant for China. positive relationship inferred above invalidates conclusions about the predeterminedness of speculative demand shocks with respect to country-level supply based on a statistically insignificant contemporaneous correlation alone.
However, to the extent that a disruption of crude oil production in any given country is not associated with a negative shock to world supply, it cannot affect crude oil inventories unless also contemporaneously affecting oil consumption. Since the flow supply and speculative demand shock series are orthogonal by construction and there is no feedback from country-specific production to flow demand shocks, as I have shown before, ε speculative demand t can be treated as predetermined with respect to ∆prod i,t .
13 For the sake of completeness, the last column of Table 2 reports the contemporaneous correlations between speculative demand shocks and unexpected innovations to production in country or group i. Note that only Venezuela displays a statistically significant negative correlation. One-and two-standard-error confidence intervals are based on 10,000 replications of a block bootstrap with block size 12 that accounts for the possibility of serial correlation in the regression residuals.
Responses to a Flow Oil Demand Shock
Note that these confidence intervals do not reflect the fact that the flow demand shocks in
(1) are generated regressors. Due to the fact that the structural VAR model is identified by a combination of sign restrictions and upper bounds on the impact price elasticities of oil demand and oil supply, this would be computationally excessive, given a sufficient number of random draws for the inverse matrix of contemporaneous coefficients and a sufficient number of bootstrap replications for the distributed lag model. Notes: Demand shock series based on admissible structural model with a price elasticity of crude oil demand in use closest to the posterior median in Kilian and Murphy (2013) . Confidence intervals based on 10,000 replications of a block bootstrap with block size 12
Recall that a positive flow demand shock is associated with increased aggregate demand for industrial commodities, in general, due to the global business cycle. On average over the sample period, it leads to an immediate and sustained increase in the real price of oil and a transitory reduction in crude oil inventories. Nevertheless, the impact response of country-level production is not statistically different from zero at the approximate 95% confidence level for any of the twenty countries in the sample, indicating that oil producers do not respond to oil price changes arising from a flow demand shock in the very short run. This finding is consistent with the common perception that investments in the oil sector involve significant lead times (see, e.g., Hamilton, 2009a; Smith, 2009) and that the majority of oil producers is effectively producing at full capacity most of the time (see, e.g., Kilian, 2008a; Baumeister and Peersman, 2013) . Even in the presence of spare capacity, however, high adjustment costs render it unprofitable to raise extraction volumes in the short run (compare Kilian, 2009; Kellogg, 2011) .
Considering the dynamic behavior of crude oil producers, two strategies seem to prevail among OPEC member states. The majority of countries maintains a constant production level for the subsequent 24 months, whereas a few countries such as Saudi Arabia and the United Arab Emirates seem to expand supply. While this finding of a price-stabilizing response of Saudi Arabia to an increase in oil demand for consumption is consistent with the theoretical predictions in De Santis (2003) 14 , it might equally reflect the flexibility of producers with spare capacity to respond to economic incentives. Finally, there is some evidence of a lower production level in the medium run for Angola and Kuwait.
Similarly, the cumulated impulse response functions of most non-OPEC producers are virtually flat, with two noticeable exceptions. On average over the sample period, Mexico and Russia seem to expand their production in response to a positive flow demand shock, indicating that these countries might try to benefit from higher demand and the associated increase in the real price of oil. This behavior is weakly significant (at an approximate 68% confidence level) for Mexico and strongly significant (at an approximate 95% confidence level) for Russia.
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14 Inspired by Adelman (1993) , De Santis (2003) develops a computational general equilibrium (CGE) model to explain Saudi Arabian production behavior by adherence to its quota in the short run, while playing the role of a dominant firm in the long run. In the dominant firm model, Saudi Arabia determines the oil price, all other countries supply, and the dominant firm accommodates residual world demand.
15 This finding is robust to controlling for a structural break occurring around the dissolution of the Union of Soviet Socialist Republics (U.S.S.R.). Note first that the response pattern of total OPEC production is virtually identical to that of Persian Gulf Nations. In line with world crude oil production, both are slightly negative in the very short run before increasing for about 8 months and finally dropping below the initial level after five quarters. While the initial expansion is at least weakly significant (at an approximate 68% confidence level), the subsequent undershooting is not statistically significant.
At the same time, the endogenous response of total non-OPEC production is largely flat with only a slight, statistically insignificant upward trend over the two year horizon. As we have seen in Figure 2 , the latter is fully attributable to an expansion of Mexican and Russian oil supply. Note also the different orders of magnitude of the cumulated percent changes of total OPEC and total non-OPEC production levels in response to a typical flow demand shock, reflecting the higher volatility of OPEC production.
Responses to a Speculative Oil Demand Shock
Consider next the impulse response functions of country-level crude oil production to a typical speculative demand shock, which raises both the demand for crude oil inventories
16 Following the EIA's classification, the Persian Gulf Nations comprise Bahrain, Iran, Iraq, Kuwait, Qatar, Saudi Arabia, United Arab Emirates, and the Neutral Zone (between Kuwait and Saudi Arabia). and the real price of oil, on impact. Figure 4 plots the point estimates based on the admissible structural model with a price elasticity in use closest to the posterior median of this elasticity in Kilian and Murphy (2013) together with one-and two-standard-error bootstrap confidence intervals.
Similar to the case of a positive flow demand shocks, on average over the sample period, none of the twenty countries in the sample seems to react strongly, in the short run.
With the possible exceptions of Canada and Saudi Arabia, the impact responses to a typical speculative demand shock are not statistically different from zero at conventional significance levels.
At longer horizons, OPEC member states have a tendency to cut back on their physical supply of crude oil, albeit this reduction is strongly statistically significant (at an approximate 95% confidence level) only for Saudi Arabia. Intuitively, the finding that a country reduces supply in response to a positive demand shock seems to contradict the notion of Saudi Arabia trying to stabilize the oil price (see, e.g., De Santis, 2003) . Here, it is important to keep in mind the distinct nature of the two structural innovations.
Flow demand shocks reflect shifts in the demand for consumption, whereas speculative demand shocks reflect shifts in the demand for inventories. In principle, the latter might even amplify oil price fluctuations, if the temporary increase in crude oil inventories is quickly released to the market at a later point in time. Consistent with the "dominant firm" interpretation, Smith (2009) argues that the sluggish response of oil production in recent years reflects OPEC's effort to support cartel discipline by not expanding production capacity despite ample reserves. According to Gately (2004) , oil producers might deliberately refrain from expanding capacity in order to preserve higher revenues, when the price elasticity of oil demand is sufficiently low, in line with TRT.
Turning to non-OPEC oil producers, Egypt expands its production during the first year, whereas output levels in Canada, Norway, and the U.S. are broadly constant following a positive speculative demand shock. On average over the sample period, China, Mexico, Russia, and the U.K. respond by raising production levels between twelve and 24 months after the demand shock occurred, although the corresponding impulse response functions are statistically significant at an approximate 68% confidence level only. The cross-country comparison suggests that OPEC and non-OPEC oil producers respond differently to a typical speculative demand shock. An interesting question is whether the impulse responses of aggregate production for these two groups of countries are different, as well. Figure 5 plots the cumulated percent change in oil production in response to a demand shock associated with an unexpected increase in inventories. Again, the behavior of Persian Gulf Nations' and total OPEC production is broadly identical. While neither responds on impact, the subsequent reduction in output levels is statistically significant (at an approximate 95% confidence level) for most of the forecast horizon.
On average over the sample period, the aggregate response of total non-OPEC is exactly the opposite. Following a marginally significant increase on impact, crude oil production expands in 22 of the subsequent 24 months and becomes statistically significant after about one year. As we have seen in Figure 4 , the behavior across non-OPEC producers is relatively homogeneous. Most countries contribute to the expansion of total non-OPEC supply in response to a speculative demand shock.
In order to understand the differences in the responses of crude oil producers, recall that unexpected innovations in the demand for inventories above the ground arise, e.g., from a change in expectations about future oil supply relative to future oil demand or pure uncertainty about future supply or demand conditions without a change in the expected fundamentals. In many cases, speculative demand shocks can therefore be attributed to the actual or expected occurrence of exogenous political events such as the Invasion of Kuwait by Iraqi forces in August 1990.
On the one hand, a speculative demand shock might thus be followed by a disruption of physical supply in the countries involved, if (and only if) such expectations are correct.
This explains, e.g., the sizeable negative impulse response of production in Iraq and
Kuwait. On the other hand, countries such as Saudi Arabia or the United Arab Emirates have not been subject to similar historical events during 1975.2-2011.12. Why is it then that production is also falling in these countries, which account for a significant share of OPEC and world crude oil supply during the sample period?
By definition, a positive speculative demand shock induces higher current demand for oil without raising current consumption. 
Are Demand Shocks Quantitatively Relevant?
The previous subsections suggest that oil producers respond to demand shocks, especially if they arise from a surge in demand for crude oil inventories. However, this finding is not informative about whether oil demand shocks are an important driver of fluctuations in country-level crude oil production. In order to address this question, Table 3 reports Notes: R 2 of distributed lag regressions in (1) and (2). Orthogonal flow and speculative demand shocks based on candidate VAR model with a price elasticity of crude oil demand in use closest to the posterior median in Kilian and Murphy (2013). the R 2 of the distributed lag regression in (1) and (2), respectively.
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The contribution of flow demand shocks ranges from 3.13% for Canada to more than 12% for Libya, with no obvious difference between individual OPEC and non-OPEC producers. Nevertheless, flow demand shocks explain almost twice as much of the monthly fluctuations in total OPEC relative to total non-OPEC output, indicating countervailing responses among the latter. Note also that flow demand shocks seem to be less important for aggregate production in the Persian Gulf region than for OPEC as a whole.
A comparison of columns two and three suggests that speculative demand shocks have relatively greater explanatory power, in general, ranging from 4.16% for Norway to almost 11% for Kuwait. This finding holds for OPEC and non-OPEC producers alike and carries over to the corresponding aggregates.
Due to the fact that flow and speculative demand shocks are orthogonal by construction, columns two and three add up to the total share of demand-induced oil price changes in the variation of ∆prod i,t . Such shifts in the oil demand curve along the supply curve explain between 7.35 and 19.45% of the fluctuations in crude oil production. The corresponding shares for total OPEC and Persian Gulf Nations, in particular, exceed 15%, indicating a nontrivial role for oil demand shocks in the variance of supply.
Country-Level Price Elasticities of Oil Supply
In this section, I combine the results from the structural VAR model of the global market for crude oil and the distributed lag model in order to derive country-level estimates of the impact price elasticity of crude oil supply in response to flow and speculative demand shocks, respectively. For comparable estimates of the price elasticity of world crude oil supply, see, e.g., Baumeister and Peersman (2013a) and Kilian and Murphy (2013) .
The textbook price elasticity of supply corresponds to the ratio between the percentage change in the quantity supplied and the percentage change in the price of a commodity, conditional on an exogenous shift of the demand curve along the supply curve. Note that the flow and speculative demand shocks from the VAR model are orthogonal to flow supply shocks by construction. Although the model yields thus an estimate of the price elasticity of world crude oil supply, this elasticity is bounded above for the sake of identification. In contrast, no restrictions are imposed on the responses of country-level production in the distributed lag model.
Recall that the real price of oil is expressed in monthly log levels, while the production data are in monthly log differences. Accordingly, estimates of the impact price elasticity of crude oil supply for country i can be derived from the relative impact response of oil production and the real price of oil to each of the two oil demand shocks:
where subscript 0 denotes the impulse response to shock j within the same month.
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18 Note that only the impact response of the real price of oil to shock j is exogenous from oil producers' perspective. Over time, other variables adjust due to general equilibrium effects. As a consequence, Notes: Demand shock series based on admissible structural model with a price elasticity of crude oil demand in use closest to the posterior median in Kilian and Murphy (2013) . Confidence intervals based on 10,000 replications of a block bootstrap with block size 12. Country names abbreviated using ISO 2-letter codes, except: PG -Persian Gulf Nations, OC -Total OPEC, NOC -Total Non-OPEC Figure 6 reports the point estimates of the impact price elasticity of crude oil supply for country or group i based on the impact responses of country-level production and the real price of oil to both demand shocks for the admissible structural model used in the previous analysis. Approximate 95% confidence intervals are inferred from the bootstrap confidence intervals around ∆prod j i,0 .
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Several points are worth stressing. First, the impact price elasticity of country-level crude oil supply is estimated with strongly varying precision. Table 4 shows that only three out of 46 point estimates are statistically different from 0 at the 5% level. Accordingly, a negligible response of world crude oil production to oil demand shocks within the same month does not cover large countervailing responses at the country level. This finding is in line with the consensus in the literature that oil producers do not react to noisy price signals, unless there is significant excess capacity (see, e.g., Hamilton, 2009a) . Kilian (2009) argues that this short-run elasticity is close to zero even in the presence of spare capacity, due to sizeable adjustment costs in oil production (see also Kellogg, 2011) . on average over the sample period. Aggregating country-level data increases the precision of point estimates, indicating that fluctuations in crude oil production are largely idiosyncratic. Note that total OPEC production seems to be less volatile than the aggregate of Persian Gulf Nations, while non-OPEC production is even less volatile.
Third, although most point estimates are not statistically different from zero, Table 4 reveals a qualitative pattern for the case of speculative demand shocks. While the shortrun price elasticities of crude oil supply are equally split between positive and negative point estimates for OPEC member states, six out of eight non-OPEC producers respond by expanding production levels within the same month. Notwithstanding capacity constraints and adjustment costs at the country level, the aggregate impact price elasticity 19 It is important to note that there is no straightforward way of accounting for the uncertainty about the impact response of the real price of oil and the generated regressor issue, i.e., the bootstrap confidence intervals could understate the true variance of the point estimates. Given that the impact price elasticity of oil supply is not statistically different from zero for most countries i, however, my conclusions are fully robust to wider confidence intervals. of non-OPEC supply is thus positive and statistically significant at the 5% level. Figure A .6 illustrates that the presented elasticities are representative for most of the 61 admissible structural models, conditional on the least squares estimate of the reducedform model for 1973.2-2011.12. As a consequence, it seems robust to conclude that the short-run price elasticity of country-level crude oil supply is statistically indistinguishable from zero at conventional significance levels, i.e., most individual oil producing countries do not respond to demand-induced oil price changes within the same month.
Concluding Remarks
The present paper decomposes world crude oil production by country in order to investigate whether oil producers respond to demand-induced changes in the real price of oil. I focus on the potential differences in the behavior of OPEC and non-OPEC or emerging and developed oil producing economies during 1975.2-2011.12. Monthly time series of flow demand and speculative demand shocks, which are orthogonal to innovations in world crude oil supply shocks by construction, are drawn from Kilian and Murphy's (2013) model of the global oil market. The resulting demand shocks are then used as regressors in a distributed lag model of country-level production.
I find that oil producers do not respond to demand-driven price signals in the very short run, consistent with the notion of high adjustment costs in crude oil production. Given that both flow and speculative demand shocks raise the real price of oil, the finding of an almost vertical short-run supply curve further implies an impact price elasticity of oil producers close to zero, regardless of the underlying demand shock. Also, the consensus view of a near-zero impact price elasticity of world crude oil supply in the literature is not due to aggregation bias, i.e. countervailing elasticities at the country level.
While the dynamic impulse responses to a typical flow demand shock are largely flat and statistically insignificant for both OPEC and non-OPEC production, oil producers seem to respond to speculative demand shocks, albeit slowly. On average over the sample period, supply by OPEC as a whole decreases, whereas total non-OPEC production increases. Given that speculative demand shocks are associated with an accumulation of inventories above the ground, dominant producers in the global market for crude oil, such as Saudi Arabia, have an incentive to curtail production in order to avoid future excess supply, although this might destabilize the oil price in the short run. On the other hand, unexpected changes in inventory demand were frequently associated with the actual or expected occurrence of exogenous political events such as the Iranian Revolution. From the point of view of non-OPEC producers, the resulting uncertainty about future supply relative to future demand of crude oil entails a powerful motive for countries such as the U.S. or the U.K. to build up buffer stocks by expanding domestic production or by increasingly relying on politically more stable suppliers, e.g. Mexico and Russia.
The present cross-country comparison of oil producers' behavior and the corresponding impact price elasticities of supply complements two strands of the recent empirical literature on structural models of the global market for crude oil. On the one hand, previous research has focused on the price elasticity of oil demand and the effects of exogenous supply shocks on real economic activity (see, e.g., Edelstein and Kilian, 2009; Peersman and Van Robays, 2012; Baumeister and Peersman, 2013b) . On the other hand, the price elasticity of supply has been considered only at the global level, as in Baumeister and Peersman (2013a) , or used as an identifying restriction in a structural VAR model, as in Murphy (2012, 2013) . In contrast, my focus was on the production behavior and the price elasticities of crude oil supply at the country level in response to flow and speculative oil demand shocks.
While the present paper distinguishes flow demand and speculative demand shocks as well as twelve OPEC and eight non-OPEC countries, accommodating thus heterogeneous impulse responses along two important dimensions, it assumes a time-invariant behavior of individual crude oil producers. In the light of continuous change in the institutional setting of the global market for crude oil throughout the sample period, e.g. due to the OPEC's loss of influence, a promising direction for future research is the extension of the present analysis to allow for time-varying coefficients in the structural VAR and the distributed lag model (compare Baumeister and Peersman, 2013a,b) . This appendix summarizes the methodology of the structural VAR model of the global oil market employed in Section 2. For further details and discussion, the reader is referred to Kilian and Murphy (2013) . The derivation of orthogonal oil demand shocks is based on a four-variable VAR(24) model of the global market for crude oil,
in the vector y t = (∆prod t , rea t , rpo t , ∆inv t ) ′ , where ∆prod t denotes the percent change in world crude oil production, rea t an index of global real economic activity proposed by Kilian (2009) , rpo t the nominal oil price deflated by the U.S. consumer price index, and ∆inv t the change in above-ground inventories of crude oil. ε t is a vector of orthogonal structural disturbances. A set of monthly dummies which accounts for the seasonality in crude oil inventories is omitted here for notational convenience.
Conditional on A 0 being invertible, the reduced-form representation of (1) is given by
where e t denotes a vector of possibly contemporaneously correlated innovations, while ν t and B l , l = 1, . . . , 24, are the intercept and slope coefficients of the reduced-form VAR.
Straightforward multivariate least squares estimation of (2) yields consistent estimates of the matrix of coefficients,B ≡ νB 1 . . .B 24 , and the reduced-form disturbances,ê t .
Appendix B.1 Data
The VAR(24) in equation (1) Barsky and Kilian (2002) . The resulting time series is expressed in log levels in deviations from the mean.
All inventory time series are in million barrels. Since the EIA provides data on "petroleum stocks" for OECD countries only, the total of OECD stocks must serve as a proxy for world crude oil inventories. 20 Monthly data on crude oil inventories going back to January 1973 are available for the U.S. only. Hence, I follow Hamilton (2009b) and Kilian and Murphy (2013) and extrapolate total OECD petroleum stocks backwards using the ratio of OECD over U.S. stocks prior to December 1987.The resulting time series is expressed in absolute rather than percent changes, as the percent change in inventories seems to be non-stationary (compare Kilian and Murphy, 2013) .
Appendix B.2 Identification
For the subsequent analysis, we are not interested in the reduced-form estimates, but in the structural shocks in the vector ε t . By definition, e t = A −1 0 ε t . Hence, the covariance matrix of reduced-form innovations is
where the last step assumes Σ εt = I 4 , i.e., the diagonal entries of the covariance matrix of structural shocks are normalized to 1, while the diagonal of A −1 0 remains unrestricted. Note that we can replace the expression on the left by its consistent least-squares estimate,Σ et .
Following Murphy (2012, 2013) , the structural shocks in ε t are identified by a combination of sign restrictions on impulse response functions and bounds on the impact price elasticities of oil supply and oil demand. Note that I adapt the definitions and the terminology from Kilian and Murphy (2013) .
Appendix B.2.1 Sign Restrictions
Flow supply shocks relate to unexpected shifts of the oil supply curve along the oil demand curve, conditional on past realizations of y t . This incorporates any unexpected disruptions of the physical supply of crude oil due to, e.g., exogenous political events in oil producing countries or strategic production decisions of OPEC member states.
In line with economic theory, a negative supply shock reduces the level of output and raises the real price of oil, on impact. Moreover, in the data inventories decrease by less than production in response to a negative flow supply shock, implying imperfect consumption smoothing. As a consequence, the flow demand for consumption of crude oil must also fall, which leads to a decrease in global real economic activity. As in Kilian and Murphy (2013) , world crude oil production and global real economic activity are assumed to decrease, while the real price of oil is assumed to increase, respectively, for at least twelve months following a negative oil supply shock. The latter dynamic sign restrictions are crucial to exclude candidate models, in which rpo t decreases below and rea t increases above its initial level after the impact period.
Flow demand shocks capture unexpected changes in the demand for industrial commodities, in general, that are associated with fluctuations in the global business cycle. Accordingly, they correspond to a shift of the oil demand curve along the supply curve, conditional on all past observations of the endogenous variables. Economic theory predicts that a positive demand shock raises global real economic activity and the real price of oil, on impact. Given that crude oil inventories decrease by less than the increase in consumption, world production must also expand within the same month.
Note that the response of crude oil inventories to both flow supply and flow demand shocks remains unrestricted. In contract, a speculative demand shock is characterized by an unexpected shift in the demand for crude oil inventories above the ground. This includes precautionary demand shocks, i.e. pure uncertainty shocks that do not affect the expected levels of future demand or supply, as well as changes in the expected future demand for crude oil relative to the expected future supply of crude oil. Expectations of political turmoil in oil producing countries such as Libya represent a typical example.
As a consequence, a positive speculative demand shock raises crude oil inventories and the real price of oil, on impact. In line with Kilian and Murphy (2013) , I assume that the increase in inventories can only be accommodated by a simultaneous expansion of supply and a decrease in consumption, i.e. a reduction in global real economic activity.
All impact and dynamic sign restrictions are imposed as weak inequality constraints.
No restrictions are imposed on the impulse responses of endogenous variables to the fourth shock in ε t . Accordingly, the latter represents a residual category, which absorbs other oil demand shocks not otherwise accounted for by the model. Since it lacks a clear economic interpretation, I will not report the associated results below.
Appendix B.2.2 Bounding the Impact Price Elasticity of Oil Supply
The structural shocks obtained from an identification based on (impact and dynamic) sign restrictions are set-identified, by construction. Kilian and Murphy (2012) show that sign restrictions alone are generally not sufficient for drawing unambiguous conclusions, e.g. about impulse responses, as they assign equal prior weight to candidate models with quantitatively implausible implications. For this reason, the authors propose to narrow down the set of admissible structural models by imposing an upper bound on the impact price elasticities of oil supply, which is directly related to the slope of the oil supply curve.
A vertical short-run supply curve, e.g., implies an impact price elasticity of zero.
In light of the long lead time in oil field development, significant adjustment costs in crude oil production and the uncertainty about whether an observed change in demand represents a transitory shock or a permanent shift, it is widely accepted that the shortrun supply curve is close to, if not effectively vertical (see also Hamilton, 2009a) . By focusing on the change in oil production outside of Kuwait and Iraq in response to the Invasion of Kuwait in August 1990, Kilian and Murphy (2012) derive a plausible upper bound of 0.0258 for the short-run price elasticity of crude oil supply.
In terms of the structural model in (1), this translates into an upper bound on the relative impact response of world production and the real price of crude oil to a typical flow demand and speculative demand shock, respectively, i.e. Notes: Results based on candidate model with a price elasticity of crude oil demand in use closest to the posterior median in Kilian and Murphy (2013) . Crude oil production and inventories corresponds to cumulative impulse responses of ∆prod t and ∆inv t . which is exogenous from the point of view of oil-producing countries can arise from both higher demand for consumption or higher demand for inventories. Accordingly, the real price of oil might respond differently depending on the underlying structural cause. Figure B .1 plots the impulse responses to supply and demand shocks in the global market for crude oil based on one of the 61 admissible structural models satisfying all identifying restrictions in Kilian and Murphy (2013) . Impulse response functions for the entire set of admissible structural models are plotted in Figure B .2, for comparison. Note that the response of the real price of oil is defined in terms of percent deviations from its sample mean, while the cumulated responses are shown for ∆prod t and ∆inv t . For the sake of brevity, we focus here on the dynamic behavior of the real price of oil in response to each of the orthogonal oil demand shocks.
Consider first a positive flow demand shock, which is associated with a higher demand for industrial commodities, in general, due to an unexpected increase in global real economic activity. On average over the sample period, the real price of oil increases by about 5 Notes: Results based on all candidate models satisfying the identifying assumptions. Crude oil production and inventories corresponds to cumulative impulse responses of ∆prod t and ∆inv t . percent on impact and remains elevated for at least two years. Moreover, a typical flow demand shock leads to an initial reduction in crude oil inventories which is reversed after approximately twelve months.
A typical speculative demand shock raises the real price of oil by about 2.5 percent on impact and by about 4.5 percent after six months before it starts to decline. Recall that, by construction, positive speculative demand shocks imply an increase in crude oil inventories in the impact period due to the imposed sign restrictions.
